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Pescripiion 

COMPOSITE SEMIPERMEABLE MEMBRANES 

This inveMion relates to composite semipermeable membranes having exoellem chlorine resistaoce, 
chemical resistance and heat resistanca, as well as higti selective permeabiiity. and to a process for their 
5 production. 

Office of Saline Water Research and Development Progress-Reports P:B-2S3193 (1975) and PB-&8S3S7 
(1978) disclose a process for producing a composife membrane useful as a semip.ermesJals membrane for 
reverse osmosis and ultra-filtration, wfiicii comprises coating an amino compound such as phenylenedianiine 
or piperazlne on a porous substrate and crDSsiin!<ing it with an aldehyde or an acid chloride. The reports 

to describe that a certain piperazine-acid chloride composite nnembrane has superior chlorine resistance aict 
exhibits a reiatively good memisrane performance in operation under low pressures. Hovffiver, its water 
permeability Is not satisfactory. Furthermore, since in ttiis process, the amino compound is coated Oh ttie 
porous sulDstrate and then crosslinked and polymerised, it is difficult to cover the micropores of the substrate 
compteteiy with the resgiting crosslinl<ed polymer layer. The process therefore lias the disadvantage that 

IS defects tend Ip ocdur in tiie membrane, and it is difficult to produce a composite semipermeable membrane of 
high pBrtorimnoe with good reproducibility. 

Japanese Patent AppliGatlon (OPI) No. 27102/1982 (the term "DPI" as used herein refers to a "published 
unexsmmed Japanese patent flppnoation") disclose a process for producing a composite semipermeable 
membrane having improved cWorine resistanpe and water pe rmeability , which comprises coating an aqueous 

so splutioh cpntairUng polyvinyj alcohol and an iamino compound having at least two secondary amino groups in 
the molecule on a porous substrate, brtnging the coating into contact with a polyfunctlonal cross-linking 
agar*, and theri heating the eptrtjng. The resuftng meinfarane has high water permeability under Jow operating 
pressures and expallent chlorine resistance, but Its seiectiye s^arabllity is not saBsfectory. Partieujaily, m 
rejectlpn of monpyalent salts under low pressures Is low. 

35 The aim at this Invention Is to overconre the above problems of convpoflpnal composite semipermeable 
membrflnes and the m»atnrj9m of aqueous sotuttona using tlwse menibfaiBs. 

The composite semipermeable niembrane acoqniing to this invention oott^rlees a porous substrate liawng 
on ite surface an ulirathin membr^e as a surface layer and a porous myer of wfiter-hsoluble polyvinyl alcohol 
a& an internal layer integrally supportir^ the gitrathin fAen^JTE^e, the ultnathir msmbrane t>eing obtained by 

30 cross Wng polyfnerlzation of polyvinyi ^cohol and an aminb oompound having a least two primary amino 
groups in the molecule In thepresatica of at least one polyfunotional crosslirddng agent capable of reacting 
with tlie primary ammo groups and the hydroxy) groups. 

The process for produidng a compo^te semipermeable menttd'ane according to this Invention compiises 
coating or impregnating an aqueous solution containing polyvinyl alcohol and an $mino compound having at 

3S least two primary amino groups in the molecule on or in a porous substrate, bringing the coated or 
impregnated porous substrate into contact vMi a solution of at least one polyfunctional crosslinking agent 
oapabla of raaoting with the primary amino groups and the hydroxyl groups In an org&nic solvent Immiscible 
with the aqueous solution to induce crosslinWng poiymerization of poiyvinyi alcohol and the amino oompound, 
and then heating the substrate. 

40 According to the process of this invention, the resulting dry composite semipemieabie membrane may be 
treated with an alcohol to greatly Increase its flux v/hile maintaining its rejection, or to increase both the 
rejection and the flux. 

The composite semipermeable membrane according to this invention has excelient oxidation resistance, 
and high water permeability and high selective separability under lovtf operating pressures. Moreover, the 
45 membrane has a high rejection of a monovalent inorganic salt such as sodium chloride under lovi/ operating 
pressures. 

The poiyvinyi alcohol used in this invention is a water-soluble polytrer having a degree of saponification of 87 
to 99 moleoA) and a degree of polymerization of 30O to 3,000. 

It Is easily available commercially. The polynflnyl alcohol having a degree of polymerization of at least l,(XJO is 
£0 preferably used in this invention although the invention is not limited thereto. 

The amino compound used in this invention Is an aliphatic, alicyciic, aromatic or hetero-aromatic amino 
compound having at least two primary amino groups in the molecule and preferably having a solubility in water 
of at least O.HVo by weight at room temperature. Specific examples of the amino compound include 
ethylenediamine, hexamethylenediamine, 1,3-riiaminocyclohexane, m-phenylenediamine, p-phenylenedlamine, 
55 3,5-diaminopyridine, 4.6-diamino-s-triazin-2-ol, 3-aminobenzy!amine. 1,3-diaminoxylene, 1,4-diamlnoxylene, 
1,3,5-trlsminobenzsne, 3,5-diaminochiDrobenzene, 3,5-diaminabenzylalcohol, 5-nitrophenylenediamine, 6-caf- 
bpxyphenylenediamine, 5-hydroxyphenyienediamine, S-methylphenylenediamine aiid 5-methoxyphenyiene- 
dtamine. These amino compounds are used alone or as mixtures thereof. 

In the composite semipermeable membrane of this invention, polyvinyl alcohol and the amino compound are 
60 crosslinked vKith at least one polyfunctional crosslini<ing agent on a porous substrate to form a semipermeable , 
dense ultrathin membrane, this ultralhin membrane is produced by coating or Impregnating a soluiion of She 
poiywnyl aioohoi and amino compound oft <x in the porous aubatrate and then tM-lngiiig the qoatsd or 
impregnated si&strate into contact with the polyhinctional crossing agent. 
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Preferably, water Is used as a strfvent to pr^fe a mixed solution of the pdyvinyl aJcohol and amino 
compound ihereinafter referred to as "starting solytion") . The starBng solution Is prepared by mixing 100 parts 
tjy weight of polyvinyl ^cohol with 10 to 500 parts by weight, preferably 20 to 300 parts by weight, of the amino 
Gompofund so that the total. concentratiGn OS the polyvinyl alcohol and amino compound will be 0.06 to 10% by 
weight, preferably 0. 1 to Efi/o by weiflht. The starting solutiofi may contain a surface-active agent to reduce its j 
surface tension at the time of coating or impregnation on or In the porous substrate. If a by-product such as 
hydrochloric acid is formed during crossiinking with the crossSnking agent, the starting sgSution may contaih a 
scavenger for the by-product, for example, sodium hydroxide, aqueous ammonia or sodium phosphate. 

The porous substrate used in this iriventton may generally be a membranous material having an asymmetriD 
structure which has a surface pore diameter of 50 to 5,0CK) A and a pure water flux (hereinafter referred to as io 
"membrane constant"), after I hour under a pressure of at least 3,6 kg/cm^, of 10-^ g/cm^^secsatm or more, 
preferatjiy 10-'' to 10- ^ g/cm^ssecoatm Preferred polymers for use in producing such a membranous material 
include, for example, polysulfone, polyacrylonitrile, cellulose esters, polypropylene and poiyvinyl chloride. The 
porous substrate may be reinforced by lining it with a woven or nonwoven cioth. 

Ttie amount of the starting solution containing the poiyvinyl' alcohol and amino compound coated on the 15 
porous substrate is O.GS to 5 g/mS, preferably 0.1 to I g/m^, calculated as solids, if required, after coaling ttie 
Starting solution on the porous substrate, the amount of the solution coated may be adjusted to the above 
range by such an operation as air-drying, draining or pressing with a rubber roil. 

The pQlyfuncttona! brossllnking agent used in this invention is a compound containing two or more 
functional groups capable of reacting with the primary amino groups and the hydroxy! groups, for example, a) 
those functional groups which are selected from acid halides, halosuifonyl groups, N-haloformyl groups, 
haioformate groups and acid anhydride groups. Preferred specific polyfunctional crossiinking agents are 
isophttialqyl chloride, terephthaloyi chloride, irimes^ chloride, trimellitoyi trichloride, trimellltoyi chloride 
^hydride, 1,3-bsnzenedisulfonyl dichloride. dipicoUnoyI dichlortde, 5-chlorosulfonyl isophthaloyi chloride and 
plpera2lna-N,N'-dicarboxylte chloride. ss 

To bring ttte coaled layer of tha startlr^ solution containlfH] the polyvinyl alcohol and amino compound into 
contact with the polyfiwctiCHWi croaslinldng agent, there is preters*)ly employed a method comprising 
dissolving the polyfunctional croaslinldng agent In an organic sptyisnt imml^ofble with the solvent forming ttie 
starting solution and <oMactlng thia fseutting solution with the coated layer of fiie starting solution, oc a 
mAthod cc»nprlslng contacting the coated layer of the starting solution with a vapor X3f the polyfunctional so 
oros^nklng agent. 

In contacti ng the crossiinking agent solution wifti the coated layer of the starting salutlon, the solvent for the 
crossiinking agent should not dHssotvs or swell the porous substralB. Preferably, a hydrocffl'bDn solvent having 
a sblubiiity parameter of 7.Qto 9.0 is used. Ali|:^ic oraltisydlc hytlrocBrbons having jS to 8 carbon atoms are 
preterasd. Preferred examples of such solvents are pentane, hexane, hepteme, octane, cyolopentane, 3S 
cyclohaxana, petro^iim pthar, etc. TflchlorotrifluorgBthane is also ati axeunpl^ of the preferred splyants. The 
Goncentration of the crosalinking agent sohJtian is usually O.pS to j0<U3 by weight, preferably 0.1 to 5<^ by 
weight. The temperature and time used to gqntasst the coated layer of the sjarting 9plutlc»i wWi the 
ra^sslinklrg agent solution vary depending upon the typ6 or conc^htnatlon ofthe crossiinking agent used or 
the concentration of the starting solution or the type of the atnino compound. Usually, the conteoting is 40 
effected at 10 to 60° C, for example, at room temperature, for 5 seconds to 10 minutes, preferably 20 seconds 
to 5 minutes. 

When the coated layer of the starting solution is brought into contact with a vapor of the crossiinking agent, 
the vapor pressure of the vapor of the crossiinking agent is usually at least O.i mmHg, preferably at least 0.2 
mmHg, at temperatiire of 100° C or less although it varies depending upon the type of the cmssllnking agent or 45 
the contacting temperature. The contacting temper^ure is usually 5 to 90° C, preferably 20 to 70*C. and the 
contacting time is 0.1 second to 30 minutes, preferab^ 1 second to 5 minutes. 

In order to perform tl:ie crossiinking with good reproducibility and obtain a composite samipermeable 
membrane of high performance, the vapor pressure of the crossiinking agent at the contacting temperature, 
[V(mmHgU , and the contacting time [T(secQnda)] are determined such that the VT value defined by V log T is SO 
at least 0.1, particularly at least 0.3. There is no particular restriction on the upper limit of the VT value, but 
usually the VT is 1,000 or less. 

During the contacting of the coated layer of the starting solution with the vapor of the crossiinking agent, 
gases not participating in the crossiinking reactHDn, for example, air. carbon dioiMde y»s, organic furon and 
inert gases, may be present together. 55 

Since the crossiinking agent solution immiscible with the starting solution or the vapor of the crossiinking 
agent is contacted with the coated layer of the startirtg solution on the porous su bstrafe, the present invention 
can give a composite semipermeable membrane having a dense ultrathin membrane resulting from the 
crossiinking of polyvinyl alcohol and the amino compound with the crossiinking agent, arid a porous layer of 
water-insoiuble polyvinyl alcohol as an interna! layer supporting the ultrathin membrane. 60 

The thickness of the dense ultrathin film, which varies depending upon the concentration of poly vln^ alcohol 
or the amino compound in the starting solution or the time duraig which the coated layer is contacted with the 
crossiinking agent, is usually 50 to 800 A, preferably 100 to 500 A. If it is too small, iocalizeci defects tend to 
occur on the membrane surface. If it Is too large, the water perineability of the membrarw is undesirstoly 
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The porous substrate coated or impregnated wifli the startihg solution and then contacted with the 
prosslinking agent is thw heat-treated. The heat-treatment is carried out in order to eomplete crossiinking of 
polyvmyl alcohol and the amino compound in the ultrathin membrane with the crossiinking ageni, 
water-solubilise the unreacted pDlyvinyl aicohol which exists between ttie ultrathin hnambrane and the porous 

5 substrate and has not participated in the crossiinking reaction in the interior of the coated iayer of the starling 
Solution and at the same tims evaporate off the unreacted amino compound out of the membrans. Hence, the 
heating temperature is selected so as to InsofutDilize the unreacted polyvinyl alcohol and to evsporate off the 
unreacted amino compound. It is usually 30 to I80°C. preferd3ly 60tol30°C.Th9 heating time is I to 60 minutes, 
preferably 3 to 30 minutes. After the heat-trBafnrtent. Ihe unreacted amino compound evapprBtes from the 

10 composite semipermeable mwnbrahe of this invention, and numerous rainute pores are formed in ih« intertor 
of the waterTinsoCuUe potyvinyl alcohol layer. Since the ultrathin msmbrBne is internally supported on the 
porous polyvinyl alcohc^ layer, tt has much Inilgher water permeability and higher selective s^paFability than 
conventtooal composite semlpamieable membranes of tha same kind. 
Furfliarmbre, aiccbrding to this invention, Ihs flux of the pomposite semipermeable meirtDrane obtained as 

1^ above pan be jncr^^ wfiile retaining its rejep^on by treating it with ap alpohol. Wh^n the albohi:^ pssigmX in 
the alcohc^-Wated membrane is replaced vtrith water by immersing it in water or psssirtg water fc»pibly through 
it, lira resitltlng cpmposite semipermeable membrane he? a much higher flux {han when It '\a simply treated 
with water wlthojt alcohol treatment. The aicohol is used normally as an aquedus solution having an alcohol 
ooncentratlon of at la^l 10 % by weight. 

£0 It has prevkiusly been known that Jiy impregnating a weit membrane .tornied by a wet f Bm-fomilng melhod 
wttii an alGC^ol and heating flw impregnated membrajw, a dried membrane la pWamed while prefyBnllng Its 
martsed shrinlsage. It has been mexpactedly found In accordance with the present trwentipn that the flu:!; of the 
dry membrane can be increaseci by treating it with an alcohol. 
The alcohol treatment of the dry composite semlpenneabte membrane in acoordance with this invention 

25 may be effected, for example, fay immOTsng the composite semipermeable membrane in an aieohol, or 
passing an ^cohol forcibly through the merribrape under elevated or reduced pressure. Ths treating 
temperature, which may vary depending upon the tdnd of the alcohol used, is usually 0 to lOO'C, preferably 10 to 
40" C, and morG preferably room lemperaturss. Th e treating time, wliich may vary depending upon the treating 
temeprature, is usually several tens of seconds to 24 hours, preferably about 30 minutes toS^hours, in the case 

3D of immersing the membrane In the alcohol, and usually several seconds to 6 hours, preferably several minutes 
to 2 hours, in the case of forcibly passing the alcohol through the membrane. 

The alcohol used in the above treatment is a monohydric or poiyhydrio alcohol. Aliphatic lower and slightly 
higher alcohols are preferred as the monohydric alcotiol. Specific e)!;amples of the alcohol are methanol, 
ethanoi, Isopropanol, n-propantri, n-^utanpl, tert-butanol and n-pantanol. htononls as ethers of polyhydric 

35 alcohols are also included wWiin the cat^pry of the monohydnc alcohol in this invention, and examples of 
such monohydric alcohols include eth^sne g^col monomettiyl ettter and athyiene glycol monoeti;yl ether. 
Examples of the poiyhydric alcohol mdude ethylene glycol, dieliiylene gtycol, triethylene glycol, piiopyiene 
glycol, dipropylene glycol, propylene glyopl raonofnethyl ether and glycerol. These alccSn^ may be used alOne 
or as a mixture of two or more. 

40 Since according to this invention, polyvinyl alcohol and a specific amino compound are crosslinked to a high 
degree with a crossiinking agent to form a dense ultrathin membrane, there can be obtained a composite 
semipermeable membrane which has excellent durabHIty in regard to chlorine resistance, heat resistance, 
alkedi resistance and acid resistance and very good basic properties of selective separability and flux under low 
Operating pressures. 

45 Furthermore, since the solution of the polyvinyl alcohol and amino compound has a moderate viscosity, it 
can be uniformly coated on the porous substrate and by crossiinking and polymerizing these compounds, a 
uniform ultrathin membrane pan be fpnriad covering completely the mieropores of the aubatrate. 
Consequently, a composite semlperme^le membrarie having a Constant membrane performance can be 
dbtatned with good rei^dMcibillty. 

S) Treatment of the remitting dry ccmppslte semipermeable membrane with the s^coliol makes It possible to 
increase the flux of the membrans further while ratanilng at4gh rejection, ix to incmse both the fiux and tin 
rejection further. 

The composite semfiarme^le membrane aooording to this invention can be eftectiv^y used to jneal an 
.aqueous solution of a monovafent saR under low pressures such as 2 to 30 kg/tmi*. For Instance, when an 

S5 aqueous sdution of sodium chloride is treated under low preaeures, for example, a pressure of 10 kg/om^, 
using the composite Semipermeable membrane of this jnventiw, the salt can be removed at a rejection of 
about ^<Vb or mote. Furthermore, the use of the composite semipermeable memforane of this invention 
enables crganic compounds or low molecular weights such as alcohols or ketones to be removed at a high 
rejeetion -from Iheir aqueous sdutlone. 

fiO The fpllowring Examples inustrate the present Invention more specifically. It shoiid be understood that the 
Irwsnllon Is in no way limited to these Examples, 
In these Examples, the rejection Is a value defined by the following eqiuatlpn. 
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Ccsncentxation of the 
solute in the membrane 

solute in the aqueous 
SDlutioii to be treated 



EXAMPLE i 

An aqueous solulion containing 0,5 Wo by weight of polyvinyl alcohol [degree of polymerization f.QOO; "Poval 
224" made by Kviraray Inc ), 0^ «Wo joy weigtit of m-phenylenediamine and O.S o/b by weight of sodium liydroxide 
was iinlfomiiy oOalad on a pwous substrate (membrane constant 1.02 >; 10-= g^cmSaseosatm) made of 
polysulfonB (P-3500 made by Uniroi Cart>tde Corporation). The coated layer was dipped for 20 seconds in an 
n-hexane solution containing 2 OA by weight of trlmesic chloride at a temperature of 25°C. Then, the substrate 
writhdrawn and the n-hexane adhering to the membrane surface was evaporated. The coated substrate 
v«is then heat-treated at a temperature of HO*e for 4 minutes. 

An aqueous solution containing 2,000 ppm of sodiuni! ohtoride <ms fed to the resulting composite 
semipermeable membrane at a temperature of aS'C under a twewure of 10 kg/cm^ to pwfbrm a navarae 
osmosis test. After 24 hours, the flux was 1.0 m3/ma*d«y amd the rejecMon was 97.1 %. Subsequently, the 
operation was carried out cbntiniKHisly for I5£) hows, but no reducHon in mainbrane perfwwiance was 
observed. 

EXAMPLE 2 

Composite semipermeable membranes were fwoduq^d in the same jway «^ in Bcatnpte I except that the 
amino opmpbunds shoWf> in Table i were used respectively Instead of m-phanylenediamine. These 
semipermeable membra^ were subfected to a reversa .tjsmosiB test under the same .conditions in 
Esimpie 1, an4 0)^ i^e^sufls are sIkhwi in Tabte i. 



Table 


1 




Amino Compound 


Flux 


Rejecti( 




(ra^/m^-day}. 


(%) 


1 , 3-Diaiiiinocyclohexane 


1.23 


92,9 


Ethylenedx amine 


1,39 


95.4 


p-Phenylenedianiine 


0.96 


95.7 


3 J. S-Diaminopyridine 


1.15 


90.6 


5 -Ca rboxypheny lefte<ai amine 


1.85 


88.7 



EXAMPLE 3 

Composite semipermeable membranes were produced in the same way as in Example i except that an 
n-tiejane solution containing each of the crosslir^lng asents indicated In Table 2 was used instead of the 
trimesic chloride sdution. T^iese semipermeable membranes were subjected to a reverse osmosis test under 
the same ccmditlons as In Example I, and the resutts are shown in Tabte 2. 



Crgsslinkinq agent Flux . . Rejection 

Isqphtiiaioyl chloride 0,76 93.9 

Isophthalpyl chloride/ 0.91 94,4 
trimesyl chloride (3/1) 

Isophthaloyl chloride./ Q.96 89.9 

henzene-m-disulfonyl 

chloride (1/1) 

Terephthaloyl chloride 0.85 92-1 

Notei The parenthesized figures show weight 
ratios 



2S EXAMPLE 4 

A composite semipermeable membrane was profiiiced in me jsame way as in Example i except that after 
coating tiie substrate with starting solution, the coated wfastraie ws contacted vyith a vapor or tnmealc 
chioride urvder condltkMi of a VT value of 04. VWien siibjected to a reverse osmoaJa l^t under the same 
condition? as h Exampte I, this composite semipermaable membrane had a flux of 1^1 m^/mz^day and a 
30 rejection o( 96.9 0/6. 

EXAMPLE 5 

' The composite semlpormcable membrane obtained In Ejtample ! was immersed fbr three days in an aqueous 
solution having a pH of 11.3 and a chlorine concentration of 100 ppm at room temperature, and its reverse 
35 osmosis characterlsticB before and after immersion were evaluated. The composite semipermeable 
membrane before frnmersion had a flux of L02 ms/m^^day and a rejection of 97.0 atd a flux of 1.04 
m3/ma«day and a rejeicficin of 96.9 P/b after immar^n. This showed the composite samipefraeable membrane 
to have vefy supiwior cWorme resistance. 

40 EXAMPLE 6 

An aqueous solution of eacih of the organic compounds indicated in Table 3 was subjected to a reverse 
osmosis test under the same conditions as In Examjrie 1. The results are shown in Table 3. The results 
demcKsstrates that the composite semipefmeable membrane of this invention also had High salecllve 
separabliily with reganj to organic compounds. 





Table 3 






Organic Comcound 


Concejitration 


Flux 


Eei action 




(ppm) 


(m'^/m^ "day) 


1%) 


Methanol 




1.15 


3 2.1 


Isppropanol 


500 


1,11 


8 4,3 


Acetic acid 


50 


1.03 


41.2 


Acatone 


.500 


■ X,05 


81. a 


N-Methylpyr- 
tolidone 


.500 


1.06 


92.8 



COMPAftATIVE EXAMPLE I 

An aqueous soluJion comaining 0.25 o/o by weight of polyvinyl alcolwl (degrao of polymerization WOO. -Powl 
224 made by Kuraray Inc.) , 0.25<4ti by weight of each of tha seepncjafy OMnes shown In Table 4 ^ind 0 5 % by 
weight of sodium hydroxide was uniformly coated on a porous substrate (merebrans constant 1.02 y. lO-a 
g/cm».sec^atnn) composed of polysulfonate ("P-SSOO" tnade by Union Cartiide Corpqraaon), The coated layer 
was dipped for 20 seconds in an n-hexane solution contalRing g% Uy weight Of trimeisic chloride al a 
temperature of 25 C. The substrate was then withdrawn, and the n-hexsneadheiing to the membrane surface 
evaporated. The coated stibstrate was then heat-traated at a tempmaure of IICC for 4 minutes 

The resultina conrtposita semiperfneaUe membfanae wra subjected Jp a reverse osmosis test under the 
same oondi^ons as in Exampfe t. and the results ate shown Ih Table 4. h seen that the composite 
semipermeable membrane obtaihed in this CcHtparative Bcample has a much lower rejection of sodium 
chlonde thm the composite semipemi^lB raembrane obt^hed in Ejtampte I. 



Table 4 

Amino CQ.T.Dcund Flux Rejection 

(m^/m^.day) 

N,N' -Diiaethylethylene- 1.08 67 8 

diamine 

Homopiperazine 1,14 55^2 

Pipesrazine 1.21 go. 8 

2/5-Dimethylpiperazi3fie 1,03 59.7 

N,N' -Dimethyl-la- Q.gg 53^7 

phenylenediamine 

1,3-Dipiperazylpres>pane 1.11 .64,7 

EXAMPLE 7 

The dried eomposite semiperrneafc)le membr&ne obtained In Example t was Immersed for I hour in methanol 
at room temperature. Wafer was then forcibly passed through the composite aem^ermeabie membrane and 
the treated memtwane was subjected to a reverse osmosis test under the same conditions as in Ejtafnole I It 
t«d a flux of 1.51 m3/m2»day and a rejeclign of 96.5 ' 

It was ffms found that by treating the resulttig dried composite semipermeable monhrane wth an alcohol, 
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its flu?! can be markedly increased while maintaining a high rejection. 
EXAMPLE S 

A dried composite semipermeabfe membrane produced In the sanie vray as in Example 1 using 
5 ethylenediamine as the primary diamine was immersed for 8 hours in «thano! at room tempersiture. Water was 
lorcibly passed through the compbslts semlpemjfeable mambrane.arni the Ireatieci TnembiSne was subjected 
to a reverse osmosis test under flie same conditions as in Example 1. The treated membrane had a flux of 2.2 
m3/m2»day jand a rejection of 95,9 %. 
Thus, it was found that by treating the resulting dried composite semipermeafala membrane with an atcphoi, 
IP the flux amd rejeclibn of the membrane can be Increased remarKably. 

EXAMPLE 9 

A dried compostte sflmipemieable membrane obtained In the same way as in Example 1 using 
frtcarboxyphenyieriediamine as the primary diamine was Immersed for 24 hours in a 20 ^ft) by weight aqueous 
IS aolutlon of glycerpi at room temperjatune, and then wter was forcibly passed thrgugh the membriatie. The 
treated membrane was subjected to a rei/eree osmosis test under the sahis conditions as in Example I. The 
resulting membrane had a flux of 3j03 m3/inz»day and a rajection of Bfii.3 <Vb, 

It was thus seen that the flux of the dried composite semipermeabfe membrane can be increased by ft^tlng 
ft with a polyhydric alcohol. 

SO 

COMPARATIVE EXAMPLE 2 

A composite semipermeable membrane was produced in the same way as (n Example I except that an 
aqueous solution ccmtaining G,5 Vo by weight of pqlyvinyf alcohol and 0.6 <!to by weight of sodium hydroxide and 
being tree from an amino compound was u^d as the sj^rting solution. Tiie resulting cQmposlle 
SS semlp^eabla membrane was subjected to a reverse osmosis test under the $ame Qonditfons as in Example 
I. The membrane showed e flux of 7.0 m'/m^^day and a rejection of 10.8 Bfa. 

COMPAFIATIVE EXAMPLE 3 
A composite semipermeable membrane was produced in the same way as in Example I except that an 
go aqueous solution containing 2 o/o by weight of m-phenyienediamine and i «^ by weight of sodium hydroxide 
wag used as the starting spiution. The resulting composite semipermeable membrane was subjected to a 
revere osm^js test under the same conditions as in Example L If had a fiux of 0.26 m3/m^*day and a rejection 
of 90.5 %. 
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1 . A composite semipermeable manbrane characterised in that it comprises a porous substrate haying 

40 on its surface an ultrafhin membrane as a surface layer and a , porous layer of water-insoluble polyvinyl 

alcohol as an internal layer integrally supporting the uttrathin membrane, said uitrathin membrane being 
obtained by crosslinking polymerizaticai of polyvinyl alcohol and an amino compound havinQ atieast two 
primary amino groups in the molecule in the presence of at least one polyfunotiona! oroealinking ageht 
capable of reacting with theprimary amino groups and the hydroxyl groups. 

4S 2. A memtirane as claJmed In claim 1, wherein the polyfunctional orceeilnking agent contrtns in its 

molecule at least two funcSonal QToapa selected from acid hallde groups, N-haloformjd groups, 
halofionnate groups, haloBulfonyl groups and acid anhydride groups. 

3. A meimbrana aa claimed In claim 1 or 2. wtiereln the porous substrate ts -fomied of poiysiiffone. 
polyscrylortltrlle. a cellulose ester, pdypropytene or polyvinyl chloride. 

60 4 A process ^or pnodueing a oonjposite semipermeable meirlbmne, oharaEterised fn that it comprises 

coating or {mprs^natingi an aqueous solution containing polyN^nyl alcohol and an amino oompoiRid having 
at least two primary anrtino groups in the molecule on or in a porous ^ubsfrate, bringing the coated or 
impr^neded porous substrate into ccmtact with a soluHon of at least one p<%funct!onal crosslinking 
agent capable of reactir^ mtti the iprimary amino groups and Bie hydrox^ groups in an organic solvent 

65 immiscible with the aqueous solution to induce orossHnking polymorizalion of polyvinyl alcohol and the 

amino pbmpound, and then hea^ng the subetrate. 

6. A process as claimed in claim 4, wherein said aqueous solutksi contains 100 parts by weight of the 
polyvinyl alcohol and 1 0 to 500 parts by weight of the an^np compound . 

6, A process as claimed in iSaim 4 or 5, wherem the polyfunctional crosslinking agent contains in the 
eo molecule at least two functional grc«ps selected from acid halide groups, N-haloformyl groups, 

haloformate groups, halosutfor^l groups and acid anhydride groups. 

7. A process as claimed In claim 4, 5 or 6, wherein the scAirtion of ttie wosslinking agent confeins as a • 
solvent an aliphatic or aiicyciic hydrocaiison ha\rfng .5 to 8 carbon atoms. 

B. A process as cla^d in any one of claims 4 to 7. wher^ the heated ^bstrate sutjsequi^itly 
SS treated wift a monohydriii or polyhydric alcohol. 



8 



0228248 



9. A process as claimed in daim 8. wherein m substrate Is treated with a monohydric alcohol being an 
alipfiatic alcohpi, an alKylene glycol monoetheror a polyaHqflene glycol rnonoeflier. 
10. A process as claimed in elaim 8. wherein the substrate Is treated with a polytiydric aic(*ol being an 
alkylene glycol or a polyaikytene glycol. 



